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Purpose: To quantitatively assess bone marrow edema pattern
and the associated cartilage in osteoarthritic and anterior cruci-
ate ligment injured knees. Speciﬁcally, the objectives were 1) to
quantify water and lipids changes in BMEP using 3D MR spec-
troscopic imaging (MRSI); 2) to assess composition changes
in BMEP-overlying and surrounding cartilage using T1rho mea-
surements.
Methods: Eight healthy volunteers, 10 patients with knee OA
and 14 with ACL-tears were studied. All patients had BMEP.
The patients with ACL injuries were scanned within two months
of the injury and prior to surgery. All images were acquired
at a 3T GE MR scanner. The imaging protocol included sagit-
tal T2-weighted fat-saturated FSE images, sagittal 3D water
excitation high-resolution SPGR images and 3D T1rho quanti-
tation sequences. 3D MRSI data were obtained using a Point
REsolved Spectral Selection (PRESS) volume selection tech-
nique, with spectral box covering BMEP as much as possible,
and to include some normal-appearing bone marrow as inter-
nal references. Cartilge was segmented semi-automatically in
SPGR images. 3D cartilage contour was overlaid to aligned
T1rho maps. T1rho z-scores (normalized T1rho values using
control data) from BMEP-overlying cartilage were calculated and
compared with surrounding cartilage in the same compartment.
Water, saturated-lipids and unsaturated lipids were quantiﬁed
from 3D MRSI data. Volumes of signiﬁcantly elevated water
and unsaturated lipids were calculated for each patient. Water
content, deﬁned as water/(water+lipids), and unsaturation index,
deﬁned as unsaturated lipids/total lipids, were calculated within
and outside BMEP.
Results: The mean T1rho z-scores of BMEP-overlying cartilage
in lateral tibia of patients with ACL tears was signiﬁcantly higher
than that in surrounding cartilage (2.2 ± 3.1 vs. 0.3 ± 2.3, P
< 0.001). However, no signiﬁcant difference was observed in
lateral femoral condyle compartment of patients with ACL tears.
The mean T1rho z-score in BMEP-overlying cartilage was higher
than that of surrounding cartilage in patients with OA, but not
signiﬁcantly (1.9 ± 3.1 vs. 1.0 ± 2.1, P = 0.37). The volume of
elevated water correlated signiﬁcantly with the volume of BMEP
(R=75.5%, P < 0.001). The water content was signiﬁcantly higher
within BMEP than that outside BMEP (21.8 ± 9.9% vs. 14.3 ±
5.9%, P = 0.002). The unsaturation index was also higher within
BMEP than that outside BMEP, but with an edge signiﬁcance
(3.7 ± 3.5% vs. 2.3 ± 1.2%, P = 0.088). The unsaturation index
outside BMEP in patients with ACL tears was signiﬁcantly higher
than that outside BMEP in patients with OA (2.7 ± 1.3% vs. 1.7
± 0.8%, P = 0.04).
Conclusions: 3D MRSI in bone marrow and T1rho quantiﬁcation
in cartilage provide quantitative assessment of cartilage and
bone in knee OA and knee injuries. Higher T1rho in BMEP-
overlying cartilage may be indicator of cartilage degeneration
in these regions. Signiﬁcantly elevated water and unsaturation
lipids were observed in BMEP using 3D MRSI. BMEP in acute
injuries (ACL-tear) may have different biochemical composition
(changes in water and lipids) from those lesions in OA. The
ACL-injured patients are currently being followed up in order to
investigate the longitudinal changes in BMEP and cartilage.
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Purpose: The articular cartilage in the knee joint provides load-
bearing function in conjunction with the interposed meniscus,
and disorder of articular cartilage or meniscus may cause ab-
normal response to applied external load. We have developed a
loading apparatus that applies an axial load to the knee joint dur-
ing MR imaging, in order to simulate physiological load-bearing
conditions of standing. The purpose of this preliminary study was
to assess load-bearing function of normal and injured knee joints
by the MR imaging under mechanical loading system, using
cartilage T2 as a surrogate of cartilage matrix changes.
Methods: There were 22 volunteers (9 men and 13 women) with
normal knee joints and ﬁve male patients with knee abnormality.
The diagnosis of patients by arthroscopy was as follows; Patient 1
and 2: medial meniscus tear, Patient 3: anterior cruciate ligament
(ACL) tear, Patient 4: lateral meniscus deﬁciency, Patient 5:
medial and lateral meniscus tear with ACL tear. The mean age
of the volunteers and the patients were 25 years (21 to 43)
and 34 years (31 to 44), respectively. The study was approved
by the Institutional Review Board. The knee joint was imaged
under unloading and loading conditions, using a 3.0 T MR
imaging scanner (GE Healthcare, WI) and a home-built 14-
cm transmit-receive birdcage coil. The subject was laid on a
custom-made loading apparatus, which had a pulley system
linked to a sliding foot plate, and 50% of the body weight
was applied cranially via the foot plate, on loading condition.
On unloading and loading conditions, one sagittal T2 map at
each medial and lateral femoro-tibial joint was obtained from
multi-echo spin echo sequence with fat-suppression (TR=1500
ms, 8 TEs between 15-120 ms, 3-mm section thickness, in-
plane resolution=0.23mm). Three regions of interest (ROIs) in
the femoral cartilage (Z1,Z2,Z3) and tibial cartilages (Z4,Z5,Z6)
at the weight-bearing portion for the medial and lateral joint
were manually deﬁned using the anterior and posterior meniscus
as an anatomical landmark (Fig. 1A). Change of T2 values by
loading was calculated as (T2 value on loading -T2 value on
unloading)/T2 value on unloading X100 (%).
Results: In the normal knees, average T2 changes by loading
at Z1/Z2/Z3/Z4/Z5/Z6 were -0.5/-4.1/-0.4/-4.6/-6.2/-6.0% in the
medial joint, and -1.0/-2.7/-0.2/-5.7/-2.8/-0.6% in the lateral joint
(Fig 2). T2 change by loading was statistically signiﬁcant at Z2,
Z4, Z5 and Z6 (p<0.005) in the medial joint, and at Z2 and
Z4 (p<0.05) in the lateral joint. When T2 change by loading
beyond the mean ± one standard deviation range of the normal
volunteers was assumed to be abnormal, four of the ﬁve patients
showed abnormal T2 change by loading (Fig. 2, Fig. 1B). Patient
1 and 2 with medial meniscus tear showed T2 increase adversely
in the medial tibia cartilage. Patient 3 and 5 showed excessive
decrease of T2 mainly in the cartilage zones uncovered by the
meniscus (Z2 and Z5).
Figure 1. A. Deﬁnition of ROIs. B. MR images of Patient 4.
